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ASSEMBLIES WHICH INCLUDE
WORDLINES OVER GATE ELECTRODES

RELATED PATENT DATA

This patent resulted from a continuation of U.S. patent

application Ser. No. 15/592,027 which was filed May 10,
2017 and which 1s hereby incorporated by reference herein.

TECHNICAL FIELD

Assemblies which include wordlines over gate electrodes.

BACKGROUND

Integrated memory may utilize access transistors having
vertical pillar-type active regions. In some applications,
bitlines may extend beneath the active regions and wordlines
may extend along the active regions. The wordlines may
comprise segments serving as gate electrodes, with such
segments being spaced from the active regions by gate
dielectric. A problem with such architectures 1s that 1t 1s
difficult to scale the architectures into higher densities of
integration. Specifically, the spacing between neighboring
active regions becomes narrower as the architectures are
downscaled. Accordingly, the wordlines formed between the
neighboring active regions become narrower, which
increases wordline resistance. Also, tighter packing of the
wordlines and access transistors may increase disturbance
between neighboring access transistors.

Shield lines may be introduced 1n an attempt to reduce
disturbance between neighboring access transistors. How-
ever, the shield lines may consume valuable real estate
between adjacent access transistors and thereby further
reduce space available for the wordlines, resulting 1n even
narrower wordlines with even higher resistance.

It would be desirable to develop new architectures for
integrated memory which alleviate or prevent the above-
described problems.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a three-dimensional view of an example inte-
grated memory architecture.

FIG. 2 1s a three-dimensional view of another example
integrated memory architecture.

FIGS. 3-6 are top views of an integrated assembly at
process stages ol an example method for fabricating an
example integrated memory architecture. The views of
FIGS. 4-6 are inverted relative to that of FIG. 3.

FIGS. 3A and 3B are diagrammatic cross-sectional side
views along the lines A-A and B-B of FIG. 3, respectively.
The view of FIG. 3B is along the line B-B of FIG. 3A, and
the view of FIG. 3A 1s along the line A-A of FIG. 3B.

FIGS. 4A and 4B are diagrammatic cross-sectional side
views along the lines A-A and B-B of FIG. 4, respectively.

The view of FIG. 4B 1s along the line B-B of FIG. 4A, and
the view of FIG. 4A 1s along the line A-A of FIG. 4B.
FIGS. 5A and 5B are diagrammatic cross-sectional side

views along the lines C-C and D-D of FIG. 5, respectively.
The view of FIG. 3B 1s along the line D-D of FIG. 5A, and

the view of FIG. 5A 1s along the line C-C of FIG. 3B.
FIGS. 6A, 6B, 6C and 6D are diagrammatic cross-
sectional side views along the lines A-A, B-B, C-C and D-D
of FIG. 6, respectively. The view of FIG. 6A i1s along the
lines A-A of FIGS. 6B and 6D; the view of FIG. 6B 1s along
the lines B-B of FIGS. 6A and 6C; the view of FIG. 6C 1s
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2

along the lines C-C of FIGS. 6B and 6D; and the view of
FIG. 6D 1s along the lines D-D of FIGS. 6 A and 6C.

FIG. 7 1s a top-down view of various structures ol an
integrated assembly analogous to that of FIG. 2; lateral
relationships of the structures are diagrammed and vertical
relationships are ignored. FIGS. 7A, 7B and 7C are dia-
grammatic cross-sectional side views along the lines A-A,
B-B and C-C of FIG. 7, respectively. The view of FIG. 7A
1s along the lines A-A of FIGS. 7B and 7C; the view of FIG.
7B 1s along the line B-B of FIG. 7A; and the view of FIG.
7C 1s along the line C-C of FIG. 7A.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1l

In some embodiments, integrated memory architectures
include wordlines which are vertically above semiconductor
pillars, and which are coupled with gate electrodes beneath
the wordlines and between the semiconductor pillars. For-
mation of the wordlines above the semiconductor pillars
climinates restrictions on wordline widths as compared to
conventional architectures having the wordlines between the
semiconductor pillars, and may thereby enable the wordlines
to be formed to thicker widths even as integrated circuit
density 1s 1increased. Accordingly, the wordlines utilized 1n
the integrated memory architectures described may have
lower resistance as compared to wordlines utilized in con-
ventional integrated memory architectures. In some embodi-
ments, shield lines may be introduced to reduce disturbance
between neighboring access transistors in tightly-packed
integrated circuit architectures. Example embodiments are
described below with reference to FIGS. 1-7.

Referring to FIG. 1, such shows an assembly 10 com-
prising an example integrated memory architecture 12. Such
architecture includes a memory array 14 supported by a base
16. The base 16 may include insulative material 18 (for
instance, silicon dioxide) over a semiconductor substrate 20.
The semiconductor substrate 20 may comprise semiconduc-
tor material; and may, for example, comprise, consist essen-
tially of, or consist of monocrystalline silicon. The term
“semiconductor substrate” means any construction compris-
ing semiconductive material, including, but not limited to,
bulk semiconductive materials such as a semiconductive
waler (either alone or 1n assemblies comprising other mate-
rials), and semiconductive matenal layers (either alone or in
assemblies comprising other materials). The term “sub-
strate” refers to any supporting structure, including, but not
limited to, the semiconductor substrates described above.

Bitlines 22 are over the base 16, and extend along an axis
5 corresponding to a first direction (which may be referred
to as a first lateral direction). The bitlines 22 may comprise
any suitable electrically conductive composition or combi-
nation of compositions. In the 1llustrated embodiment, each
of the bitlines comprises a first conductive layer 24 over a
second conductive layer 26. In some embodiments, the first
conductive layer 24 may comprise, consist essentially of, or
consist of conductively-doped semiconductor material (such
as, for example, conductively-doped polycrystalline sili-
con); and the second conductive layer 26 may comprise,
consist essentially of, or consist of metal and/or metal-
containing material (for instance, titanium nitride over tung-
sten).

Semiconductor pillars 30 are vertically displaced relative
to the bitlines (specifically, are over the bitlines), and are
arranged 1n the array 14. The array 14 comprises columns
extending along the first direction of axis 5, and comprises
rows extending along a second direction represented by an
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axis 7 (in some embodiments, the second direction along the
axis 7 may be referred to as a second lateral direction). The
second direction of axis 7 crosses the first direction of axis
5. In the 1llustrated embodiment, the second direction of axis
7 1s substantially orthogonal to the first direction of axis 3
(with the term “‘substantially orthogonal” meaning orthogo-
nal to within reasonable tolerances of fabrication and mea-
surement). In other embodiments, the axis 7 may cross the
axis 5 without being substantially orthogonal to the axis 5.

Each of the semiconductor pillars 30 extends vertically
(1.e., extends along a vertical direction, or third direction, of
an axis 9). In the 1llustrated embodiment, the third direction
of axis 9 1s substantially orthogonal to the second direction
of axis 7 and the first direction of axis 5. In other embodi-
ments, the vertical direction of axis 9 may not be substan-
tially orthogonal to one or both of the lateral directions of
axis 5 and axis 7.

Each of the pillars 30 1s on an associated one of the
bitlines 22. For instance, one of the pillars 1s labeled as pillar
30a, and one of the bitlines 1s labeled as bitline 22a. The
pillar 30q 1s associated with the bitline 22a and 1s directly on
such bitline.

Each of the pillars 30 within the array 14 may be
considered to have neighbors along the column direction of
axis 5 and along the row direction of axis 7. First gaps 32 are
between the semiconductor pillars 30 which are neighboring,
along the column direction of axis S (1.e., which are neigh-
boring along the first direction), and second gaps 34 are
between the semiconductor pillars 30 which are neighboring
along the row direction of axis 7 (1.e., which are neighboring
along the second direction).

Wordlines 36 extend along the second direction of axis 7,
and extend along rows of the array 14. The wordlines 36 are
vertically oflset from the semiconductor pillars 30; and
specifically are above the semiconductor pillars 30. The
wordlines 36 may comprise any suitable electrically con-
ductive materials, such as, for example, one or more of
various metals (e.g., titantum, tungsten, cobalt, nickel, plati-
num, etc.), metal-contaiming compositions (e.g., metal sili-
cide, metal nitride, metal carbide, etc.), and/or conductively-
doped semiconductor materials (e.g., conductively-doped
silicon, conductively-doped germanium, etc.). In some
embodiments, the wordlines may comprise tungsten and
titanium nitride.

Each of the wordlines 36 may be considered to be
disposed over, and electrically 1solated from, an associated
row of the semiconductor pillars 30. For instance, one of the
wordlines 1s labeled as 364, and such wordline 1s associated
with a row of pillars 30 which includes the pillar 30a. The
wordlines 36 may be 1solated from the associated rows of
pillars 30 utilizing one or more insulative materials (not
shown 1n order to simplify the drawing), such as, for
example, one or more of silicon dioxide, silicon nitride, etc.
In the shown embodiment, the wordlines are directly over
the first gaps 32 between the semiconductor pillars 30, and
are not directly over the semiconductor pillars 30.

In the i1llustrated embodiment, shield lines 38 are provided
within the first gaps 32 between neighboring pillars 30, with
the shield lines 38 extending along the second direction of
axis 7. The shield lines 38 may comprise any suitable
clectrically conductive materials, such as, for example, one
or more of various metals (e.g., titantum, tungsten, coballt,
nickel, platinum, etc.), metal-containing compositions (e.g.,
metal silicide, metal nitride, metal carbide, etc.), and/or
conductively-doped semiconductor matenials (e.g., conduc-
tively-doped silicon, conductively-doped germanium, etc.).
For instance, the shield lines 38 may comprise, consist
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4

essentially of, or consist of titantum nitride. The shield lines
38 may alleviate or prevent crosstalk between neighboring
pillars associated with a common bitline. The shield lines 38
are optional, and may be omitted if crosstalk between
neighboring pillars 1s not problematic. In some embodi-
ments, the shield lines 38 may be electrically floating, and in
other embodiments one or more of the shield lines 38 may
be tied to a suitable reference voltage.

Gate electrodes 40 are provided between neighboring
pillars within the second gaps 34. Each of the gate electrodes
40 1s downwardly elongated from an associated one of the
wordlines 36. For instance, one of the gate electrodes 1s
labeled as 40a, and such extends downwardly from the
wordline 36qa; with the gate electrode 40a being electrically
coupled to the wordline 36a through a conductive itercon-
nect (1.e., mterconnecting region) 42.

The gate electrodes 40 and interconnecting regions 42 are
shown comprising a common material as wordlines 36. In
other embodiments, the gate electrodes 40 and interconnect-
ing regions 42 may comprise different material relative to
the wordlines 36; and 1n some embodiments the gate elec-
trodes 40 may comprise different material relative to the
interconnecting regions 42. The gate electrodes 40 and
interconnecting regions 42 may comprise any suitable elec-
trically conductive matenals, such as, for example, one or
more of various metals (e.g., titanium, tungsten, coballt,
nickel, platinum, etc.), metal-containing compositions (e.g.,
metal silicide, metal nitride, metal carbide, etc.), and/or
conductively-doped semiconductor matenals (e.g., conduc-
tively-doped silicon, conductively-doped germanium, etc.).
In some embodiments, the gate electrodes 40 and 1ntercon-
necting regions 42 may comprise, consist essentially of, or
consist of conductively-doped polycrystalline silicon.

In some embodiments, each of the gate electrodes 40 may
be considered to be arranged between an associated two of
the semiconductor pillars 30 which are neighboring to one
another along the second direction of axis 7. Such may be
difficult to visualize in the three-dimensional view of FIG. 1,
but may be observed relative to the cross-sectional view of
FIG. 6B. In the view of FIG. 6B, a pair of neighboring
semiconductor pillars are labeled as 30aq and 3054, and a gate
clectrode associated with both of the semiconductor pillars
30a and 305 1s labeled as a gate electrode 40a. FIG. 6B also
shows that the gate electrodes 40 may be considered to have
two opposing lateral sides spaced from one another along
the second direction of axis 7. For instance, the gate elec-
trode 40a 1s shown to have opposing lateral sides 41 and 43.
The lateral side 41 may be considered to be spaced from the
first semiconductor pillar 30a by a first region 45 of a gate
dielectric material 50, and the lateral side 43 may be
considered to be spaced from the second semiconductor
pillar 306 by a second region 47 of the gate dielectric 50.

Referring again to FIG. 1, none of the gate electrodes 40
are within the first gaps 32 between pillars 30 along the
direction of axis 3 in the illustrated embodiment.

Each of the pillars 30 comprises a pair of source/drain
regions 44 and 46, with the source/drain region 44 being at
the bottom of the pillar and electrically coupled with a
bitline 22, and with the source/drain region 46 being at the
top of the pillar. In some embodiments, the pillars 30 may
comprise monocrystalline silicon, and the source/drain
regions 44 and 46 may be conductively-doped regions
within the monocrystalline silicon pillars. The source/drain
regions 44 and 46 may be n-type doped 1n some embodi-
ments, and may be p-type doped 1n other embodiments.

The source/drain regions 44 and 46 are spaced from one
another by an itervening region 48. The intervening region




US 11,062,989 B2

S

48 may be doped with a threshold voltage implant, and may
comprise a channel region between the source/drain regions
44 and 46. The regions 44, 46 and 48 may be considered
together as an active region of an access transistor, with such
transistor being gated by one of the gate electrodes 40.

The gate dielectric material 50 1s provided between the
gate electrodes 40 and the associated active regions within
the semiconductor pillars 30. The gate dielectric material 50
may comprise any suitable composition or combination of
compositions; and 1 some embodiments may comprise,
consist essentially of, or consist of silicon dioxide.

Programmable devices 52 are provided over the pillars
30, and are electrically coupled to the upper source/drain
regions 46 through conductive contacts 54.

The programmable devices may comprise charge-storage
devices (e.g., capacitors), or memory elements (e.g.,
memory cells comprising phase change matenal, resistive
material, conductive bridging material, etc.).

The conductive contacts 54 may comprise any suitable
clectrically conductive materials, such as, for example, one
or more of various metals (e.g., titantum, tungsten, coballt,
nickel, platinum, etc.), metal-containing compositions (e.g.,
metal silicide, metal nitride, metal carbide, etc.), and/or
conductively-doped semiconductor materials (e.g., conduc-
tively-doped silicon, conductively-doped germanium, etc.).
In some embodiments, the conductive contacts may com-
prise, consist essentially of, or consist of conductively doped
polycrystalline silicon and/or titanium nitride. Each of the
conductive contacts may be considered to be disposed over
an associated one of the semiconductor pillars. For instance,
one of the conductive contacts 1s labeled as 544, and 1s
disposed over an associated pillar corresponding to the pillar
30a. The conductive contacts 34 extend 1n the third direction
of axis 9, and extend through spaces between the wordlines
36. In some embodiments, a conductive contact 54 may be
considered to extend through a space between associated
two of the wordlines. For instance, the conductive contact
54a may be considered to be within a space between two
wordlines 36a and 365 which are associated with such
conductive contact. In some embodiments, the wordlines
36a and 360 may be considered to be immediately neigh-
boring the conductive contact 54a along the direction of the
axis 3.

Each of the programmable devices 52 may be considered
to be disposed over, and electrically coupled with, an
assoclated one of the conductive contacts 54. For 1nstance,
one of the programmable devices 1s labeled 524, and such 1s
disposed over, and electrically coupled with, an associated
contact corresponding to the contact 54a.

The contacts 54 and programmable devices 52 are
arranged 1n a square pattern in the embodiment of FIG. 1
(1.e., are arranged squarely relative to a top view of the
embodiment of FIG. 1). FIG. 2 shows an assembly 100
comprising an embodiment analogous to that of FIG. 1, but
in which the various structures and components are arranged
to enable hexagonal packing of the pillars 30, contacts 54
and programmable devices 52. Specifically, the semicon-
ductor pillars 30 are arranged 1n zigzags along the second
direction of axis 7. The contacts 34 and programmable
devices 52 are arranged hexagonally (i.e., are hexagonally
packed). The wordlines 36 extend in a corrugated shape
along the second direction of axis 7.

The assemblies of FIGS. 1 and 2 may be formed with any
suitable processing. Example processing which may be
utilized to form the assembly of FIG. 1 1s described with
reference to FIGS. 3-6. It 1s to be understood that similar
processing may be utilized to form the assembly of FIG. 2.
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Retferring to FIGS. 3-3B, an assembly 200 includes a
semiconductor substrate 60. The semiconductor substrate 60
may comprise, for example, monocrystalline silicon. Active
material 67 1s formed along an upper region of the semi-
conductor substrate 60, and such active material includes
conductively-doped regions 44 and 46.

The active material 67 1s patterned to have trenches 69
extending therein. Isolation regions 65 are provided within
the trenches 69. The 1solation regions 635 nclude dielectric
material 62 and shield lines 38. The dielectric material 62
may comprise, for example, one or both of silicon nitride
and silicon dioxide.

The bitlines 22 are formed over the patterned active
material 67 and 1solation regions 65; and insulating material
64 1s formed over and between the bitlines 22. The 1nsulating
material 64 may comprise any suitable composition or
combination of compositions; and 1 some embodiments
may comprise, consist essentially of, or consist of silicon
dioxide. In some embodiments, the insulating materials 64
and 62 may comprise a same composition as one another. In
other embodiments, the insulating materials 64 and 62 may
comprise diflerent compositions relative to one another.

Referring to FIGS. 4-4B, the assembly 200 1s inverted and
the 1sulating material 64 1s bonded to a base 68. In some
embodiments, materials 64 and 68 may correspond to the
materials 18 and 20 described above with reference to FIG.
1, and accordingly the materials 64 and 68 may together
form a base structure 16 of the type described above with
reference to FIG. 1.

Masking material 70 1s formed over the active material
67, and 1s utilized to pattern the active maternial 67 into the
pillars 30. The masking material 70 may comprise any
suitable composition or combination of compositions; and 1n
some embodiments may comprise silicon nitride. The gate
dielectric material 50 1s formed along sides of the pillars 30.
The gate dielectric material 50 may be formed through
deposition and or through oxidation of exposed surfaces of
the semiconductor pillars 30.

Referring to FIGS. 5-3B, gate electrodes 40 and intercon-
nects 42 are formed and patterned between the pillars 30;
and the wordlines 36 are formed and patterned to be over
and electrically connected with the interconnects 42. Dielec-
tric material 72 1s formed over the wordlines 36, and 1s
patterned with the wordlines 36. The dielectric material 72
may comprise any suitable composition or combination of
compositions; such as, for example, one or both of silicon
dioxide and silicon nitride. In the shown embodiment, the
wordlines 36, interconnects 42 and gate electrodes 40 com-
prise a common composition as one another. In other
embodiments, one or more of the wordlines 36, intercon-
nects 42 and gate electrodes 40 may comprise a diflerent
composition relative to one or more of the others of the
wordlines 36, interconnects 42 and gate electrodes 40. Also,
in the shown embodiment of FIGS. 5-5B the insulative
materials 62 and 64 comprise a common composition as one
another. In other embodiments, the insulative materials 62
and 64 may comprise different compositions relative to one
another.

Referring to FIGS. 6-6D, insulative material 82 1s formed
along the sides of the wordlines 36 and the dielectric
material 72 to form insulative liners. The insulative material
82 may comprise any suitable composition or combination
of compositions; and 1n some embodiments may comprise
silicon nitride. Insulative material 80 fills gaps between the
insulative liners of material 82. The insulative material 80
may comprise any suitable composition or combination of
compositions; and 1 some embodiments may comprise,
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consist essentially of, or consist of silicon dioxide. Also,
insulative material 70 1s removed from over the tops of
pillars 70 and conductive contacts 54 are formed between
the wordlines and 1n electrical contact with the tops of pillars
70 (1.e., 1 contact with the upper source/drain regions 46)
after removal of material 70 and formation of the nsulative
liners of material 82. Subsequently, programmable devices
may be formed over and in electrical connection with the
contacts 34 (the programmable devices are not shown 1n

FIGS. 6-6D, but such may be 1dentical to the programmable
devices 52 of FIG. 1).

The assembly 200 of FIGS. 6-6D comprises a memory

array 12 analogous to that described above with reference to
FIG. 1.

FIGS. 7-7C show the assembly 100 of FIG. 2 from a

top-down view (FIG. 7), and along several cross-sectional
side views (FIGS. 7A-C). Such views may assist the reader
in understanding the relationships of the various structural
components of assembly 100. The top-down view of FIG. 7
shows lateral relationships of various structures, and 1gnores
vertical relationships so that features which would be hidden
in a traditional top-down view may be better illustrated.
Insulative material 90 1s shown 1n FIGS. 7TA-7C, and not
shown 1 FIGS. 2 and 7. Such msulative material 90 may
comprise any suitable composition or combination of com-
positions; including, for example, one or both of silicon
dioxide and silicon nitride. In the shown embodiment, the
wordlines 36, interconnects 42 and gate electrodes 40 com-
prise diflerent compositions relative to one another. In other
embodiments, the wordlines 36, interconnects 42 and gate
clectrodes 40 may comprise a common composition as one
another.

The programmable devices 52 are diagrammatically 1llus-
trated 1n FIGS. 7A and 7B; but otherwise are not shown 1n
order to simplily the drawings. The structures 64 and 68 of
FIGS. 7-7C are the same as identical structures of FIGS.
4-4B, and may encompass the structures 18 and 20 described
with reference to FIG. 2. Other structures described above
with reference to FIGS. 3-6 are also shown i FIG. 7 (for
instance, dielectric material 62) 1n order to indicate that the
structure of FIG. 7 may be formed with processing analo-
gous to that of FIGS. 3-6 in some embodiments.

The assemblies discussed above may be incorporated into
clectronic systems. Such electronic systems may be used 1n,
for example, memory modules, device drivers, power mod-
ules, communication modems, processor modules, and
application-specific modules, and may include multilayer,
multichip modules. The electronic systems may be any of a
broad range of systems, such as, for example, cameras,
wireless devices, displays, chip sets, set top boxes, games,
lighting, vehicles, clocks, televisions, cell phones, personal
computers, automobiles, industrial control systems, aircratt,
etc.

Unless specified otherwise, the various maternals, sub-
stances, compositions, etc. described herein may be formed
with any suitable methodologies, either now known or yet to
be developed, including, for example, atomic layer deposi-
tion (ALD), chemical vapor deposition (CVD), physical
vapor deposition (PVD), etc.

The terms “dielectric” and “insulative” may be utilized to
describe materials having insulative electrical properties.
The terms are considered synonymous in this disclosure.
The utilization of the term “dielectric” in some instances,
and the term “insulative” (or “electrically insulative™) 1n
other 1nstances, may be to provide language variation within
this disclosure to simplity antecedent basis within the claims
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that follow, and 1s not utilized to indicate any significant
chemical or electrical diflerences.

The particular orientation of the various embodiments 1n
the drawings 1s for illustrative purposes only, and the
embodiments may be rotated relative to the shown orienta-
tions 1 some applications. The description provided herein,
and the claims that follow, pertain to any structures that have
the described relationships between various features, regard-
less of whether the structures are 1n the particular orientation
of the drawings, or are rotated relative to such orientation.

The cross-sectional views of the accompanying illustra-
tions only show features within the planes of the cross-
sections, and do not show materials behind the planes of the
cross-sections, unless indicated otherwise, 1n order to sim-
plify the drawings.

When a structure 1s referred to above as being “on”™ or
“against” another structure, 1t can be directly on the other
structure or intervening structures may also be present. In
contrast, when a structure 1s referred to as being “directly
on” or “directly against” another structure, there are no
intervening structures present.

Some embodiments include an assembly having bitlines
over a base and extending 1n a first direction. Semiconductor
pillars are arranged 1n an array having columns along the
first direction and having rows along a second direction
which crosses the first direction. Each of the semiconductor
pillars extends 1n a third direction perpendicular to the first
and second directions and 1s on an associated one of the
bitlines. Wordlines extend 1n the second direction. Each of
the wordlines 1s disposed over, and electrically isolated
from, an associated row of the semiconductor pillars. The
assembly 1ncludes a plurality of gate electrodes. Each of the
gate electrodes 1s downwardly elongated from an associated
one of the wordlines and 1s arranged between associated two
of the semiconductor pillars adjacent 1n the second direction
to one another. None of the gate electrodes 1s provided
between the semiconductor pillars adjacent i1n the first
direction to one another.

Some embodiments nclude an assembly which includes
semiconductor pillars arranged in an array. The array
includes columns along a first lateral direction and rows
along a second lateral direction which crosses the first lateral
direction. Each of the semiconductor pillars extends verti-
cally. First gaps are between the semiconductor pillars which
are neighboring along the first lateral direction, and second
gaps are between the semiconductor pillars which are neigh-
boring along the second lateral direction. Bitlines extend
along the first lateral direction and are vertically oflset from
the semiconductor pillars such that the bitlines are below the
semiconductor pillars. Wordlines extend along the second
lateral direction and are vertically oflset from the semicon-
ductor pillars such that the wordlines are above the semi-
conductor pillars. Gate electrodes are laterally between the
semiconductor pillars and are electrically coupled with the
wordlines. Each of the gate electrodes 1s within one of the
second gaps. None of the gate electrodes 1s within the first
gaps. Bach of the gate electrodes has two opposing lateral
sides spaced from one another along the second lateral
direction. One of said opposing lateral sides 1s spaced from
an associated first of the semiconductor pillars by a first
region of a gate dielectric matenal, and the other of the
opposing lateral sides 1s spaced from an associated second of
the semiconductor pillars by a second region of the gate
dielectric material.

Some embodiments include an assembly which includes
bitlines supported by a base. Each of the bitlines extends
along a first direction. Semiconductor pillars are over the
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bitlines and are arranged in an array. The array includes
columns along the first direction and rows along a second
direction which crosses the first direction. Each of the
semiconductor pillars extends vertically and 1s elevationally
over the bitlines. The semiconductor pillars are directly over
the bitlines. The semiconductor pillars are spaced from one
another along the first direction by first gaps, and are spaced
from one another along the second direction by second gaps.
Wordlines extend along the second direction, and are eleva-
tionally above the semiconductor pillars. The wordlines are
directly over the first gaps and are not directly over the
semiconductor pillars. Gate electrodes are beneath the word-
lines and are electrically coupled with the wordlines. Each
of the gate electrodes 1s within one of the second gaps.
Shield lines are within the first gaps.

In compliance with the statute, the subject matter dis-
closed herein has been described 1n language more or less
specific as to structural and methodical features. It 1s to be
understood, however, that the claims are not limited to the
specific features shown and described, since the means
herein disclosed comprise example embodiments. The
claims are thus to be aflorded tull scope as literally worded,
and to be appropriately interpreted 1in accordance with the
doctrine of equivalents.

I claim:

1. An assembly comprising:

bitlines over a base and extending in a first direction;

wordlines extending in a second direction;

a plurality of gate electrodes, each of the gate electrodes
of said plurality of gate electrodes having a first width
across the first direction and being entirely elevation-
ally lower than an associated one of the wordlines,
being downwardly elongated from the associated one
of the wordlines, and being arranged between a {first
semiconductor pillar and a second semiconductor pil-
lar, the first semiconductor pillar being on a first bitline
comprised by the plurality of bitlines and the second
semiconductor pillar being adjacent to the first semi-
conductor pillar and being on a second bitline com-
prised by the plurality of bitlines, first portions of the
gate electrodes being laterally oflset relative to the
wordlines, and second portions of the gate electrodes
vertically underlying the wordlines; and

a plurality of conductive interconnects, each of the con-
ductive interconnects coupling one of the gate elec-
trodes to one of the wordlines, the conductive inter-
connects having a first vertical sidewall collinear with
a first vertical sidewall of one of the wordlines and
having an opposing second vertical sidewall with sec-
ond width along the first direction between the first and
second vertical sidewalls that 1s less than the first width
and less than an overall width of each wordline along
the first direction.

2. The assembly of claim 1, further comprising a shield
line extending along the second direction between the first
semiconductor pillar and the second semiconductor pillar.

3. The assembly of claim 1, further comprising a first
contact associated with the first semiconductor pillar and a
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second contact associated with the second semiconductor
pillar, the first and second contacts extending in a third
direction.

4. The assembly of claim 3, wherein the first and second
contacts belong to a plurality of contacts that are squarely
arranged 1n a top view.

5. The assembly of claim 3, wherein the first semicon-
ductor pillar and the second semiconductor pillar belong to
a group of semiconductor pillars that are arranged 1n zigzags
in the second direction.

6. The assembly of claim 3 wherein the first and second
contacts belong to a plurality of contacts that are hexago-
nally arranged in a top view, and wherein the wordlines
extend 1n a corrugated shape along the second direction.

7. The assembly of claim 3, further comprising a first
capacitor electrically connected to the first contact and a
second capacitor electrically connected to the second con-
tact.

8. The assembly of claim 3, further comprising a first
programmable device electrically connected to the first
contact and a second programmable device electrically
connected to the second contact.

9. An assembly comprising:

bitlines supported by a base, each of the bitlines extending

along a first direction;

semiconductor pillars on and extending upward from the

bitlines, the semiconductor pillars being spaced from
one another along the first direction by first gaps and
being spaced from one another along a second direction
by second gaps;

wordlines extending along the second direction, having a

wordline width along the first direction, and being
clevationally above the semiconductor pillars, portions
of the wordlines not being directly over the semicon-
ductor pillars; and

gate electrodes disposed entirely elevationally lower than

the wordlines, each of the gate electrodes being within
one of the second gaps; first portions of the gate
clectrodes being laterally oflset relative to the word-
lines, and second portions of the gate electrodes vert-
cally underlying the wordlines, the gate electrodes
being vertically spaced from the wordlines and being
clectrically coupled to the wordlines through interven-
ing conductive interconnects that are more narrow
along the first direction than the wordline width and
have a sidewall collinear with a sidewall of the word-
line.

10. The assembly of claim 9 further comprising shield
lines within the first gaps.

11. The assembly of claim 10, wherein the shield lines
comprise metal.

12. The assembly of claim 10, wherein the shield lines are
clectrically floating.

13. The assembly of claim 9, further comprising a plu-
rality of programmable devices, each of the programmable
devices of said plurality of programmable devices being
clectrically coupled with an associated one of the semicon-
ductor pillars.
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